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Abstract: Small-scale disturbances in plant communities create open 
patches that may allow new species to invade or suppressed species to 
become more abundant.  We evaluated whether small-scale disturbances 
in an abandoned agricultural field dominated by exotic grasses could be 
used to increase abundance and diversity of native plants.  Coverboards 
made of plywood (2 X 122 X 81cm) were laid out on a 15 meter by 15 
meter grid in the South Hayfield at the Field Station in 2008 for a study of 
the Butler’s garter snake.  The boards were kept in place until March 2010, 
creating many small-scale disturbances after removal of the boards.  One 
of four treatments was applied to each of these experimental plots: 1) no 
seeding, or seeded with a mix of, 2) native forbs, 3) native grasses,or 
4) both forbs and grasses. 
The plots were seeded in July 2010, and vegetation was sampled 
August - September 2011.  Percent cover of each plant species was esti-
mated in each disturbance plot. A paired undisturbed plot was sampled 
to describe the background vegetation of the field.  Species richness and 
diversity were higher in disturbed plots than in the undisturbed commu-
nity for both seeded and unseeded plots.  Seeded plots had much greater 
abundance and diversity of native species than unseeded disturbances, par-
ticularly for plots seeded with forbs.  The forb-only seed mix provided the 
highest establishment of seeded species after one full growing season, and 
suppressed exotic species more than the grass-only seed mix. However, 
only Black-eyed Susan (Rudbeckia hirta), Wild bergamot (Monarda fistu-
losa), and Whorled milkweed (Asclepias verticillata) established in more 
than half the plots in which they were seeded.  Grasses established poorly 
compared to the most successful forb species.  However, the grasses were 
very small plants after a single growing season; their frequency may have 
been underestimated and their cover may increase in subsequent seasons.
INTRODUCTION
It is notoriously difficult to establish native species in abandoned agri-
cultural oldfields because of the aggressive growth of the exotic, perennial 
grasses (such as Bluegrass, Poa spp., and Smooth brome) that can domi-
nate them. Many oldfields have eroded soils that often exhibit low organic 
matter and nutrient availability. Non-native grasses established in oldfields 
crowd out and compete with native forbs and grasses (Barnes 2004, Foster 
et al. 2007, Grygiel et al. 2009).  Exotic perennial grasses have been cited 
as one of the top reasons that revegetation efforts fail because they com-
pete aggressively with desired native species via their rapid rhizomatous 
spread  (Bakker and Wilson 2001, Barnes 2004, Foster et al. 2007, Grygiel 
et al. 2009). 
Use of fertilizers, herbicides and pesticides associated with agriculture 
have wreaked havoc on the Midwestern prairie, and restoring oldfields 
back to prairie habitats has garnered much attention (Barnes 2004, Lawson 
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et al. 2004, Foster et al. 2007).   The benefits of prairie restoration are many, includ-
ing restoring beautiful native species and floristic diversity, providing valuable 
wildlife habitat, improving water quality, conserving soil, and acting as a possible 
sink for atmospheric carbon (Berg 1992, Foster et al. 2007).  However, most prairie 
restorations never attain the same diversity as remnant patches (Foster et al. 2007, 
Dickson and Busby 2009, Grygiel et al. 2009).  
While there are myriad different methods and schools of thought about prairie 
restoration, many of them seem to center around the idea that establishment in grass-
lands is disturbance dependent (Hayes and Holl 2003).  Colonization of new plants 
into established vegetation is very rare; it is difficult for a seed to find a habitable 
“safe spot” in which to germinate because a large majority of perennial plants spread 
vegetatively and rely little on seed (Harper 1977, Benson and Hartnett 2006).  When 
a disturbance occurs, thatch is cleared away from the soil, shading is eliminated, and 
the soil is warmed, providing a new site for seed establishment (Lawson et al. 2004, 
Rosburg and Owens 2004, Benson and Hartnett 2006).  In a native prairie, distur-
bances not related to fire are typically made by wildlife and are usually quite small 
(Johnson and Anderson 1986, Kotanen 1997, Grygiel et al. 2009).  
A disturbance may be revegetated by clonal growth of plants or by establishment 
from seed that may be newly migrated or viable in the soil seed bank (Harper 1977, 
Rogers and Hartnett 2001).  Small disturbances may be useful to provide safe sites 
for establishment of native species.  We studied whether small-scale disturbances 
in an oldfield dominated by exotic grasses could be used to increase abundance and 
diversity of native plants.  
We studied these disturbance plots to ask four questions: 
1) Does disturbance alone alter the plant community, and how does the                                                
        community change?   
2) Does seeding disturbances increase the abundance and diversity of native                            
        plants?  
3) Do more native species establish if disturbances are seeded with native forbs,            
        native grasses, or a mixture of forbs and grasses?
4) Which species are most likely to successfully establish?  
METHODS
Study Site.  This study took place at the UWM Field Station (Saukville Town-
ship, Ozaukee Co. WI).  The study site is a former agricultural field, called the South 
Hayfield (43.390295° N, 88.024406° W for center of field).  Although the pre-
settlement habitat of this field would have been deciduous forest, one of the goals of 
the UWM Field Station is to maintain a diversity of plant communities for research 
purposes, including open fields with an abundance of native species.  Prairies were 
once widespread in southern Wisconsin, and although the Field Station lies outside 
the historical geographical region for prairie habitats, prairie species do grow well 
here.  The study area soil is Sisson fine sandy loam which was deposited as various 
glaciolacustrine deposits (USDA 2011).  The documented agricultural history of 
the South hayfield began in 1977 and, with few exceptions, it was cropped for hay 
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two or three times a season until 2000.  After 2000, the field was no longer used for 
agriculture and there was no further planting or mowing.  The only management 
was some control of invasive shrubs.  The South hayfield is dominated by the exotic 
grasses Kentucky bluegrass (Poa pratensis), Smooth brome (Bromus inermis), and 
Quack grass (Elymus repens). 
Experimental Design.  In the spring of 2008, a total of 83 coverboards made of 
2 x 122 x 81cm plywood were laid down in a 15 meter by 15 meter grid for a study 
of the Butler’s garter snake (Hileman 2010).  When the boards were placed in the 
field, the above-ground plant material was removed using a weed-whacker, rake, 
and pruning shears.  The boards were removed in March of 2010, and the vegetation 
underneath them had died back, leaving mostly bare ground.  The coverboards had 
created many small-scale disturbances ideal for our study.
Each of the resulting 83 disturbances in the South Hayfield was randomly as-
signed to one of three differing experimental seeding treatments: a mix of native 
prairie forbs (henceforth called FORB), a mix of native prairie grasses (GRASS), 
a mix of both forbs and grasses (BOTH), plus a control treatment with no seeding 
(NONE).  Each of the disturbance plots was paired with a BACKGROUND plot 
located 2 meters away in order to assess the background vegetation of the field and 
estimate the composition of the plots prior to disturbance.  The species used in the 
seeding treatments are shown in Table 1. 
The seeds were collected from prairie plantings at the Field Station in 2009 and 
dry stratified outside over winter.  A trial germination of each species was performed 
in a greenhouse to determine the viability of seeds after stratification.  The planting 
rate was 3 grams per disturbance plot (0.99 m²) for all 3 seeding treatments.  There 
were 18 species in the FORB treatment and each contributed an equal weight of 
seeds to each plot (5.8% of the total), except for Round-headed bush clover and 
Cream wild indigo which had less because of limited seed collection (5.3% and 
1.7%, respectively).  Big blue-stem and Indian grass each contributed 40% of the 
GRASS mix and Little blue-stem made up the remaining 20%.  The BOTH mix 
consisted of 1.5 g of the FORB mix and 1.5 g of the GRASS mix. The seed was 
thoroughly and frequently mixed (to avoid over-representation of any seeds) and 
portioned into 3 gram packets by weight.  In July 2010, the assigned treatment was 
seeded onto the treatment plots while a cover crop of oats was raked into the plot 
simultaneously to provide shade and improve seed germination. The NONE control 
plots received no seeding, raking, or cover crop. 
The vegetation was sampled in both the disturbance and the background plots 
in August through September of 2011. For sampling purposes, a quarter-meter 
square quadrat was placed in the center of the former coverboard site.   Plants were 
identified to the species level except for Poa, Desmodium, and Melilotus which were 
identified to genus (Appendix A).  Percent cover was visually estimated using a 
Braun-Blanquet-style cover scale.  Up to 5% coverage was represented as “1”, 5 to 
25% coverage was represented as “2”, 26 to 50% coverage was designated as “3”, 
51 to75 % coverage was “4” and 76 to 100% coverage was marked as “5”.  Cover 
values were only recorded for plants that were rooted in the quadrat.  The percentage 
cover of bare ground and thatch were also estimated using the same cover classes.  
Bare ground specified the amount of open, bare soil visible in each plot while thatch 
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was the cover of dead, dried plant material (primarily grass). Identical methods were 
used for the background plots, which were located 2 meters north of the correspond-
ing disturbance plot.   Seeded species that were rooted in the disturbance plot, but 
outside of the sampling quadrat, were recorded to track germination success of the 
seeded species.  
Data Analysis.  Percent cover was estimated using the midpoint of each cover 
class (i.e. 2.5, 15, 38, 66, and 88%) and relative percent cover was calculated as a 
percent of total cover.  We calculated species richness and diversity of each plot.  
We used the Shannon Diversity Index which incorporates both the number of spe-
cies and their relative abundance (Brower et al. 1977).  We also determined the 
Coefficient of Conservatism (CC) score for each species and calculated both the 
mean CC and the Floristic Quality Index (FQI) for each plot.  The CC score ranges 
from 0-10, with 0 indicating that the species will grow just about anywhere and is 
very common, while a 10 indicates that the species is rare and will only thrive in 
very particular habitats (WISFLORA 2011).  The FQI uses the CC codes of native 
species in conjunction with the total species richness of a site to rate the quality of 
the site sampled. A higher FQI would represent a site with lower disturbance and 
degradation and more native plant species (WISFLORA 2011).  For some analyses, 
species were grouped as native or exotic, annual/biennial or perennial, and forb or 
grass (Appendix A).  Data on each species followed information on the Wisconsin 
State Herbarium’s Vascular Plant Species website (WISFLORA 2011), with some 
exceptions.  Poa was not identified to species and was treated as exotic and peren-
nial.  Three species of Poa are known to occur at the Field Station: Canada blue-
grass (P. compressa), Kentucky bluegrass (P. pratensis), and Marsh bluegrass (P. 
palustris).  The exotic perennials Canada and Kentucky bluegrass were dominant 
in the abandoned agricultural field sampled for this experiment.  Black-eyed Susan 
(Rudbeckia hirta) was listed as biennial/perennial by WISFLORA, but we treated 
this species as perennial as it generally grows as a short-lived perennial in our area.  
We treated Leadplant (Amorpha canescens) as a forb, rather than a shrub since, al-
though it is woody, it has a low stature that makes it part of the herbaceous stratum.   
Although both technically vines, Field bindweed (Convolvulus arvensis) and Poison 
ivy (Toxicodendron radicans) were treated as forbs for our study rather than vines 
since Bindweed is herbaceous and Poison ivy behaves more as a forb in the field 
that we sampled 
Total sample size for this study was 166 plots: 20 disturbance plots with the 
NONE treatment, 22 seeded with FORB mix, 21 GRASS mix, 20 BOTH mix, and 
83 BACKGROUND plots.  A one-way ANOVA followed by the Tukey HSD test 
was used to assess differences among treatments.  Statistical analyses were run in R.
RESULTS
Disturbance alone altered the composition of the plots and increased the abun-
dance of native species.  The unseeded experimental disturbances (NONE) had 
dramatically increased bare ground and decreased thatch as compared to the BACK-
GROUND plots (Figure 1).  The BACKGROUND plots had very little bare ground 
(< 5%) and extensive thatch (nearly 90%), while the disturbances (NONE plots) had 
23
26% bare ground and 50% thatch.  Disturbance alone also caused dramatic increases 
in the mean species richness and Shannon Diversity Index (SDI, Figure 2).  Both 
the species richness and SDI almost doubled from the BACKGROUND plots to 
the NONE plots.  A total of 21 species that were not present in the background and 
were not seeded were recorded in at least one of the disturbance plots (both NONE 
and the seeded plots, Table 2).  The relative cover of annual/biennial species and 
the cover of native species were very low in the BACKGROUND plots (Figure 3), 
but increased substantially in the NONE plots with no manipulation other than the 
disturbance.   The cover of forb species increased by almost five-fold in the NONE 
plots compared to the BACKGROUND plots (Figure 4).  The cover of exotic spe-
cies was lower by over 15% in the NONE plots, compared to the BACKGROUND 
Figure 1.  Mean percent cover of bare ground (A) and thatch (B) for the 
background and all four types of treatment plots.  Error bars represent one 
standard error. Treatments labeled with the same lower-case letter do not dif-
fer significantly at the 0.05 level. 
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plots (Figure 5).  
Seeding the plots caused further changes in the plant community and enhanced 
the abundance and diversity of native plants.  Seeded plots had more bare ground 
and less thatch than the unseeded NONE plots.  The three seeding treatments were 
generally similar in percent bare ground and percent thatch (Fig. 1).  The seeded 
plots also had significantly higher species richness and SDI compared to both the 
NONE and BACKGROUND plots, with all three seeding treatments showing simi-
lar increases (Fig. 2).  The three seeding treatments did not differ significantly from 
the NONE plots in the percent relative cover of annual and biennial species (Fig. 
3A).  However, all three seeding treatments had higher relative percent cover of 
native species than the NONE plots, although these differences were only signifi-
Figure 2.  Mean Species Richness (A) and Shannon Diversity Index (B) for the 
background and all four treatment plots.  Error bars represent standard error. 
Treatments labeled with the same lower-case letter do not differ significantly at 
the 0.05 level.
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Figure 3.  Relative percent cover of annual and biennial species (A) and native species (B) 
for the background and all four types of treatment plots.  Within the native species, seeded 
species are represented by the light grey while black represents unseeded native species. Error 
bars represent standard error.  Treatments labeled with the same lower-case letter do not differ 
significantly at the 0.05 level. 
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Figure 4.  Relative percent cover of forb species for the background and all four 
types of treatment plots.  Error bars represent standard error. Treatments labeled 
with the same lower-case letter do not differ significantly at the 0.05 level. 
Figure 5.  Relative percent cover of exotic species for the background and all 
four types of treatment plots.  Within each bar, the light grey represents exotic 
grasses while the black represents exotic forbs.  Error bars represent standard 
error.  Treatments labeled with the same lower-case letter do not differ signifi-
cantly at the 0.05 level. 
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cant for the FORB treatment and the BOTH treatment (Fig 3B). All seeded plots 
had much greater cover of forb species than the BACKGROUND (Fig. 4), but only 
the FORB and BOTH treatments gained significantly more forbs than the NONE 
plots.  Relative percent cover of forbs in the GRASS plots was equivalent to that in 
the NONE plots.  The cover of non-native species was lower in the two treatments 
seeded with forbs than it was in the NONE plots (Fig. 5). 
Seeding the plots with native species allowed them to establish in the disturbanc-
es (Figure 6).  The mixes that contained forb species had much greater relative cover 
of seeded species than the mix that contained only grasses.  A few seeded species 
were extant in the field at the onset of this study, and they comprise a small fraction 
of the cover in the BACKGROUND and NONE  plots (primarily Whorled milk-
weed and Wild bergamot, Table 3).  Seeded forbs were also present in the GRASS 
treatment, where they were not seeded (primarily Whorled milkweed, Fig. 6, Table 
3, but Black-eyed Susan and Wild bergamot were also present, Table 2).  Most of 
the plots were dominated by Poa and smooth brome (Table 3).   The FORB treat-
ment was the only one to elevate the cover of a native species (Black-eyed Susan, 
Rudbeckia hirta) over Poa (Table 3).  In the BOTH plots, Black-eyed Susan was the 
second most abundant species (Table 3).    
There were clear differences in the establishment success of the seeded species.  
Black-eyed Susan, Wild bergamot, and Whorled milkweed all established in over 
70% of the plots where they were seeded (Table 1).  Five other species had more 
moderate rates of establishment in the seeded plots: these included False sunflower 
(43%), the three grass species (17-22%) and Lead-plant (17%).  Six species were 
found established but appeared in 10% or fewer of the plots where they were seeded 
(Table 1).  The remaining seven seeded species were not found at all in the study 
(Table 1).  Three of these species either failed to germinate (Nodding wild onion) or 
Figure 6.  Relative percent cover of seeded species for the background and all 
four types of treatment plots.  Within each bar, the light grey represents seeded 
forbs while the black represents seeded grasses.  Error bars represent standard 
error.  Treatments labeled with the same lower-case letter do not differ signifi-
cantly at the 0.05 level. 
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showed limited germination (Rattlesnake master and Prairie dock) in the greenhouse 
test, and so we did not expect to see them in the field.
DISCUSSION
Disturbance can alter a plant community by creating safe sites for species to 
germinate and establish.  Increased resources (light, space, water, etc.) following a 
disturbance may allow for higher seed recruitment as well as activation of dormant 
seeds (Harper 1977, Johnson and Anderson 1986).  In our study the disturbance 
alone reduced thatch and increased bare ground in all disturbance plots without 
actively adding any new propagules.  A thatch layer can reduce soil temperatures 
by up to ten degrees, favoring earlier emerging cool-season species, such as Poa, 
Smooth brome or Quackgrass. (Benson and Hartnett 2006, Grygiel et al. 2009).  
Poa was reduced from background levels more in the seeded plots than in the 
NONE plots (Table 3).  
Even in the absence of seeding, the disturbed plots gained species compared 
to the background, indicating that the disturbance alone allowed new species to 
establish in the plots. Following a disturbance, there is often high recruitment of 
disturbance-dependent annual/biennial species which can come from the seedbank 
(Johnson and Anderson 1986, Schramm 1992, Kirt 2001, Lawson et al. 2004, Ros-
burg and Owens 2004).  Germination from the seed bank may explain the increase 
of species diversity and annual/biennial species in all of the disturbance plots, and 
account for the appearance of species that were not found in any of the background 
plots.  We did not measure the seed bank in this study, but the seed banks of eleven 
oldfields on the Field Station property that surround the South hayfield were previ-
ously analyzed (Krause 1995).  Eight of the twenty-one species observed in our 
disturbance plots that were not sampled in the background plots were recorded in 
the seed bank (Appendix B); other species may also have dispersed in from sur-
rounding areas.
While the unseeded disturbed plots showed increases in species richness and 
cover of native species over background levels, the disturbance alone did not lead to 
establishment of many native perennial species.  Only 6 of the 21 unseeded spe-
cies that appeared in the plots were native perennials; the majority were annual or 
biennial (12/20) and the remaining 3 were exotic perennials.  Seeding the plots with 
native perennial species led to a greater abundance and diversity of native plants 
compared to the unseeded plots.  Seeding native species increased species richness, 
mean Shannon diversity, mean CC, and mean FQI in all seeded treatments compared 
to the unseeded plots, supporting the idea that seeding does change the successional 
direction of an area (Lawson et al. 2004, Foster et al. 2007).  
In this study, which only described the disturbances after their first growing 
season, the FORB seed mix had the best establishment of seeded species, with 
significantly higher cover of seeded species than the GRASS or the BOTH treat-
ment, and was better than the GRASS treatment at suppressing exotic species. It was 
also the only treatment to have a native perennial ranked first in mean percent cover.  
The FORB treatment included more species than the GRASS treatment (18 vs. 3) 
and showed a greater range in establishment success of the seeded species (percent 
34
frequency of seeded species in seeded plots ranged from 0-90% for FORB vs. 17-
22% for GRASS).  The greater success of the FORB mix was due to the presence 
of a few strongly competitive species, such as Black eyed Susan and Wild berga-
mot.  Strongly competitive pioneer species grow quickly and can out-compete other 
plants.  They have substantial growth in one season and are recommended by some 
who advocate planting species in stages (Berg 1992, Schramm 1992, Betz et al. 
1998, Kirt 2001).  Black-eyed Susan was the dominant seeded species in FORB and 
BOTH, and was the third-ranked species (in terms of percent cover) across all of the 
plots, after Poa and smooth brome, making it the seeded species with the greatest 
establishment in the first growing season.  
The GRASS mix did not contain any high-performing species, at least during the 
first growing season.  All three of the seeded grass species had mean percent cov-
ers under 5%, and the seeded species ranked 7th, 8th and 11th (in terms of percent 
cover) in the GRASS plots.  Since all 3 of the seeded grass species were able to es-
tablish in the plots, it is possible that their cover may increase over time.  A two-inch 
tall grass seedling may have roots that can be up to two feet below the soil surface 
at the end of the first growing season (Schramm 1992).  This is thought to make the 
young grass plant highly competitive, which may explain the high amounts of bare 
ground in the GRASS plots (Cornelius 1946, Schramm 1992).  The BOTH seed mix 
generally performed very similarly to the forb-only mix, except in a few key areas: 
it was intermediate between FORB and GRASS in terms of suppressing exotics and 
in the relative cover of seeded species.  Because the total amount of seed used per 
plot was held constant across all three seeding treatments, the BOTH mix had only 
half the quantity of forb seed as the FORB mix.  Since it was the forbs that were 
most successful at achieving high cover during the first year of establishment, it is 
not surprising that the BOTH mix gave results intermediate between the FORB and 
GRASS treatments.   
The species we seeded that performed poorly all tended to be those primarily of 
mesic, wet-mesic or wet prairies (Table 1, Curtis 1959, Cochrane and Iltis 2000).  
Conversely, the best performing species all tended towards dry, dry-mesic, and me-
sic prairies.  The top-performing species, Black-eyed Susan, was not present in the 
field before seeding, but the second and third most successful seeded species were 
found in the background plots (Whorled milkweed and Wild bergamot).  These 3 top 
species had an average CC of 3, while the seven species that were not sampled at all 
had an average CC of 6.7. Conservative species - those with a higher Coefficient of 
Conservatism - can be sensitive to soil type (Weber 1999).  In addition, competition 
may affect conservative species more profoundly that those with lower CC (Weber 
1999).  
The seeded plots will be monitored for the next few years to track changes in 
community composition and succession between and within the treatments.  Some 
missing seeded species may appear in the next sampling.  As noted earlier, many 
restorationists advocate planting prairie species in stages, starting with aggressive 
pioneer species and slowly moving toward more sensitive obligate species (Berg 
1992, Schramm 1992, Betz et al. 1998, Kirt 2001).  But some suggest that planting 
too many pioneer species may slow or completely prevent the emergence of more 
sensitive plants due to severe competitive effects (Weber 1999).  It will be important 
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to track these changes in the coming years especially as the Black-eyed Susan (a 
short-lived perennial) will begin to die back, which will change the make-up of the 
FORB and BOTH plots.  It will also be important to see whether the native grass 
species do, in fact, begin to become more aggressive the second year, which would 
change the composition of the plots.  
CONCLUSIONS
At the onset of this study we asked four questions: 1) Does disturbance alone 
alter the plant community? 2) Can seeding experimental disturbances with native 
species increase the abundance and diversity of native plants? 3) Do more native 
species establish if disturbances are seeded with native forbs, native grasses, or a 
mixture of forbs and grasses?, and 4) Which species are most likely to successfully 
establish?  We found that disturbance alters a community by providing new safe 
sites for propagules and creating opportunities for both non-sown species as well as 
seeded species to take root.  We saw that seeding with native prairie species after a 
disturbance will increase abundance and diversity of those native plants and reduce 
the abundance of weedy species. Lastly, seeding with a mix of prairie forbs that 
includes strongly competitive species, like Black-eyed Susan, will give the biggest 
initial effect in terms of exotic species reduction, and seeded species establishment 
and growth.  It is too early to tell how forb-grass and native-exotic species competi-
tion will affect the different seed mixes and their outcomes in the long run.  
REFERENCES
Bakker, J. and S. Wilson. 2001. Competitive abilities of introduced and native 
grasses. Plant Ecology 157:119-127.
Barnes, T. G. 2004. Strategies to convert exotic grass pastures to tall grass prairie 
communities. Weed Technology 18:1364-1370.
Benson, E. J. and D. C. Hartnett. 2006. The role of seed and vegetative reproduction 
in plant recruitment and demography in tallgrass prairie. Plant Ecology 187:163-
177.
Berg, W. A. 1992. Native forb establishment and persistence in a grass-forb seeding 
in the southern plains. Proceedings of the North American Prairie Conference 
12:176-182.
Betz, R. F., R. J. Lootens and M. K. Becker. 1998. Two decades of prairie restora-
tion at Fermilab, Batavia Illinois. Proceedings of the North American Prairie 
Conference 15:20-30.
Brower, J. E., J. H. Zar and C. N. von Ende. 1977. Field and Laboratory Mehods for 
General Ecology. Wm. C. Brown Publishers, Dubuque, IA.
Cochrane, T. S. and H. H. Iltis. 2000. Atlas of the Wisconsin Prairie and Savanna 
Flora. Technical Bulletin (Wisconsin Department of Natural Resources) No. 191.
Cornelius, D. R. 1946. Establishment of some true prairie species following reseed-
ing. Ecology 27:1-12.
Curtis, J. T. 1959. The Vegetation of Wisconsin: An Ordination of Plant Communi-
ties. The University of Wisconsin Press, Madison, WI.
Dickson, T. L. and W. H. Busby. 2009. Forb species establishment increases with 
decreased grass seeding density and with increased forb seeding density in a 
northeast Kansas, U.S.A., experimental prairie restoration. Restoration Ecology 
17:597-605.
Foster, B. L., C. A. Murphy, K. R. Keller, T. A. Aschenbach, E. J. Questad and K. 
Kindscher. 2007. Restoration of prairie community structure and ecosystem 
36
function in an abandoned hayfield: a sowing experiment. Restoration Ecology 
15:652-661.
Grygiel, C. E., J. E. Norland and M. E. Biondini. 2009. Precision prairie reconstruc-
tion (PPR): a technique for increasing native forb species richness in an estab-
lished grass matrix. Ecological Restoration 27:458-466.
Harper, J. L. 1977. Population Biology of Plants. Academic Press, San Diego, CA.
Hayes, G. F. and K. D. Holl. 2003. Site-specific responses of native and exotic spe-
cies to disturbances in a mesic grassland community. Applied Vegetation Science 
6:235-244.
Hileman, E. T. 2010. Abundance and survivorship of Butler's gartersnake (Thamno-
phis butleri) in Wisconsin.  M.S. thesis, University of Wisconsin - Milwaukee.
Johnson, R. G. and R. C. Anderson. 1986. The seed bank of a tallgrass prairie in Il-
linois. American Midland Naturalist 115:123-130.
Kirt, R. R. 2001. A sixteen year assessment of vegetational changes in prairie seed 
broadcast and seedling transplant sites. Proceedings of the North American Prai-
rie Conference 17:98-106.
Kotanen, P. M. 1997. Effects of experiemental soil disturbance on revegetation by 
natives and exotics in coastal California meadows. Journal of Applied Ecology 
34:631-644.
Krause, B. A. 1995. The effects of management and site history on oldfield succes-
sion. M.S. thesis, University of Wisconsin - Milwaukee.
Lawson, C. S., M. A. Ford and J. Mitchley. 2004. The influence of seed addition and 
cutting regime on the success of grassland restoration on former arable land. Ap-
plied Vegetation Science 7:259-266.
Rogers, W. E. and D. C. Hartnett. 2001. Temporal vegetation dynamics and recolo-
nization mechanisms on different-sized soil disturbances in tallgrass prairie. 
American Journal of Botany 88:1634-1642.
Rosburg, T. R. and M. Owens. 2004. The seed bank of a reconstructed prairie. Pro-
ceedings of the North American Prairie Conference 19: 44-54
Schramm, P. 1992. Prairie restoration: a twenty-five year perspective on establish-
ment and management. Proceedings of the North American Prairie Conference 
12:5-9.
USDA. 2011. NRCS/USDA Web Soil Survey. http://websoilsurvey.nrcs.usda.gov/
app/HomePage.htm
Weber, S. 1999. Designing seed mixes for prairie restorations: revisiting the for-
mula. Ecological Restoration 17:196-201.
WISFLORA. 2011. Wisconsin Vascular Plant Species. Wisconsin State Herbarium 
University of Wisconsin-Madison. http://www.botany.wisc.edu/herbarium/.
37
A
pp
en
di
x 
A
.  
A
ll
 r
ec
or
de
d 
sp
ec
ie
s 
fo
r 
S
ou
th
 H
ay
fi
el
d.
  S
ci
en
ti
fi
c 
na
m
e,
 s
ta
tu
s,
 ty
pe
, a
nd
 C
C
 f
ro
m
 W
is
F
lo
ra
 (
20
11
).
  S
ta
tu
s:
 N
 -
 N
at
iv
e,
 I
N
V
 -
 I
nv
a-
si
ve
, i
nt
ro
du
ce
d,
 In
t/N
at
 - 
In
tro
du
ce
d;
 n
at
ur
al
iz
ed
.  
LH
: L
ife
 H
is
to
ry
, A
 - 
an
nu
al
, A
/B
i -
 e
ith
er
 a
nn
ua
l o
r b
ie
nn
ia
l, 
B
i -
 b
ie
nn
ia
l a
nd
 P
 -p
er
en
ni
al
.  
C
.C
.: 
C
oe
ffi
ci
en
t o
f 
C
on
se
rv
at
is
m
, s
ee
 M
et
ho
ds
.  
D
es
m
od
iu
m
 sp
p.
 li
st
s b
ot
h 
C
C
 c
od
es
 fo
r t
he
 sp
ec
ie
s f
ou
nd
 a
t t
he
 F
ie
ld
 S
ta
tio
n,
 a
s t
he
 sp
ec
ie
s w
as
 n
ot
 
de
te
rm
in
ed
.  
C
od
e
Sc
ie
nt
ifi
c 
N
am
e
C
om
m
on
 N
am
e
St
at
us
T
yp
e
L
H
C
.C
.
A
C
EN
EG
Ac
er
 n
eg
un
do
B
ox
 e
ld
er
N
Tr
ee
P
0
A
C
H
M
IL
Ac
hi
lle
a 
m
ill
ef
ol
iu
m
C
om
m
on
 Y
ar
ro
w
N
Fo
rb
P
1
A
M
A
R
ET
Am
ar
an
th
us
 re
tr
of
le
xu
s
Pi
gw
ee
d
N
Fo
rb
A
0
A
M
B
A
R
T
Am
br
os
ia
 a
rt
em
is
iif
ol
ia
C
om
m
on
 ra
gw
ee
d
N
Fo
rb
A
0
A
M
O
C
A
N
Am
or
ph
a 
ca
ne
sc
en
s
Le
ad
 p
la
nt
N
Fo
rb
P
7
A
N
D
G
ER
An
dr
op
og
on
 g
er
ar
di
i
B
ig
 b
lu
e-
st
em
N
G
ra
ss
P
4
A
SC
SY
R
As
cl
ep
ia
s s
yr
ia
ca
C
om
m
on
 m
ilk
w
ee
d
N
Fo
rb
P
1
A
SC
V
ER
As
cl
ep
ia
s v
er
tic
ill
at
a
W
ho
rle
d 
m
ilk
w
ee
d
N
Fo
rb
P
2
A
ST
PI
L
As
te
r p
ilo
su
s
Fr
os
t a
st
er
N
Fo
rb
P
1
B
R
O
IN
E
Br
om
us
 in
er
m
is
Sm
oo
th
 b
ro
m
e
IN
V
 
G
ra
ss
P
0
C
A
R
G
R
A
C
ar
ex
 g
ra
nu
la
ri
s 
Li
m
es
to
ne
 m
ea
do
w
 se
dg
e
N
Se
dg
e
P
3
C
O
N
A
R
V
C
on
vo
lv
ul
us
 a
rv
en
si
s
Fi
el
d 
bi
nd
w
ee
d
IN
V
 
Fo
rb
P
0
C
O
N
C
A
N
C
on
yz
a 
ca
na
de
ns
is
 
H
or
se
w
ee
d
N
Fo
rb
A
0
D
A
LP
U
R
D
al
ea
 p
ur
pu
re
a 
Pu
rp
le
 p
ra
iri
e 
cl
ov
er
N
Fo
rb
P
7
D
A
U
C
A
R
D
au
cu
s c
ar
ot
a
Q
ue
en
 A
nn
e's
-la
ce
IN
V
 
Fo
rb
B
i
0
38
C
od
e
Sc
ie
nt
ifi
c 
N
am
e
C
om
m
on
 N
am
e
St
at
us
T
yp
e
L
H
C
.C
.
D
es
m
od
.
D
es
m
od
iu
m
sp
p.
Ti
ck
 tr
ef
oi
l
N
Fo
rb
P
4 
or
 7
 
EL
Y
R
EP
El
yt
ri
gi
a 
re
pe
ns
Q
ua
ck
gr
as
s
IN
V
 
G
ra
ss
P
0
EQ
U
A
R
V
Eq
ui
se
tu
m
 a
rv
en
se
Fi
el
d 
ho
rs
et
ai
l
N
Fe
rn
 A
lly
P
1
ER
IA
N
N
Er
ig
er
on
 a
nn
uu
s
A
nn
ua
l f
le
ab
an
e
N
Fo
rb
A
0
FR
A
A
M
E
Fr
ax
in
us
 a
m
er
ic
an
a
W
hi
te
 a
sh
N
Tr
ee
P
5
G
LE
H
ED
G
le
ch
om
a 
he
de
ra
ce
a
C
re
ep
in
g 
C
ha
rli
e
IN
V
 
Fo
rb
P
0
H
EL
H
EL
H
el
io
ps
is
 h
el
ia
nt
ho
id
es
Fa
ls
e 
su
nf
lo
w
er
N
Fo
rb
P
5
H
Y
PP
ER
H
yp
er
ic
um
 p
er
fo
ra
tu
m
St
. J
oh
n'
s-
w
or
t
IN
V
 
Fo
rb
P
0
LA
C
C
A
N
La
ct
uc
a 
ca
na
de
ns
is
W
ild
 le
ttu
ce
N
Fo
rb
A
/B
i
2
LA
C
SE
R
La
ct
uc
a 
se
rr
io
la
Pr
ic
kl
y 
le
ttu
ce
In
t/N
at
Fo
rb
A
/B
i
0
LO
TC
O
R
Lo
tu
s c
or
ni
cu
la
tu
s
B
ird
's-
fo
ot
 tr
ef
oi
l
IN
V
 
Fo
rb
P
0
M
ED
LU
P
M
ed
ic
ag
o 
lu
pu
lin
a
B
la
ck
 m
ed
ic
k
In
t/N
at
Fo
rb
A
/B
i
0
M
ED
SA
T
M
ed
ic
ag
o 
sa
tiv
a
A
lfa
lfa
In
t/N
at
Fo
rb
P
0
M
el
ilo
tu
s
M
el
ilo
tu
s
sp
p.
Sw
ee
t c
lo
ve
r
IN
V
 
Fo
rb
A
/B
i
0
M
O
N
FI
S
M
on
ar
da
 fi
st
ul
os
a
B
ee
 b
al
m
, W
ild
 b
er
ga
m
ot
N
Fo
rb
P
3
O
X
A
ST
R
O
xa
lis
 st
ri
ct
a
C
om
m
on
 y
el
lo
w
 o
xa
lis
N
Fo
rb
P
0
PA
N
C
A
P
Pa
ni
cu
m
 c
ap
ill
ar
e
W
itc
h 
gr
as
s
N
G
ra
ss
A
1
PE
N
D
IG
Pe
ns
te
m
on
 d
ig
ita
lis
Fo
xg
lo
ve
 b
ea
rd
-to
ng
ue
N
Fo
rb
P
-
PH
Y
H
ET
Ph
ys
al
is
 h
et
er
op
hy
lla
C
la
m
m
y 
gr
ou
nd
-c
he
rr
y
N
Fo
rb
P
3
A
pp
en
di
x 
A
, c
on
tin
ue
d.
39
C
od
e
Sc
ie
nt
ifi
c 
N
am
e
C
om
m
on
 N
am
e
St
at
us
T
yp
e
L
H
C
.C
.
Po
a
Po
a
sp
p.
B
lu
eg
ra
ss
/T
ur
f g
ra
ss
IN
V
 
G
ra
ss
P
0
PO
LA
V
I
Po
ly
go
nu
m
 a
vi
cu
la
re
K
no
tw
ee
d
In
t/N
at
Fo
rb
A
0
PO
TS
IM
Po
te
nt
ill
a 
si
m
pl
ex
C
om
m
on
 c
in
qu
ef
oi
l
N
Fo
rb
P
2
R
A
TP
IN
Ra
tib
id
a 
pi
nn
at
a
Y
el
lo
w
 c
on
ef
lo
w
er
N
Fo
rb
P
4
R
H
A
FR
A
Rh
am
nu
s f
ra
ng
ul
a
G
lo
ss
y 
bu
ck
th
or
n
IN
V
 
Sh
ru
b
P
0
R
U
D
H
IR
Ru
db
ec
ki
a 
hi
rt
a
B
la
ck
-e
ye
d 
Su
sa
n
N
Fo
rb
P
4
SC
H
SC
O
Sc
hi
za
ch
yr
iu
m
 sc
op
ar
iu
m
Li
ttl
e 
bl
ue
-s
te
m
N
G
ra
ss
P
4
SE
TP
U
M
Se
ta
ri
a 
pu
m
ila
Y
el
lo
w
 fo
xt
ai
l g
ra
ss
In
t/N
at
G
ra
ss
A
0
Si
le
ne
Si
le
ne
 la
tif
ol
ia
W
hi
te
 c
am
pi
on
In
t/N
at
Fo
rb
B
i/P
0
SO
LC
A
N
So
lid
ag
o 
ca
na
de
ns
is
C
an
ad
ia
n 
go
ld
en
ro
d
N
Fo
rb
P
1
SO
LR
IG
So
lid
ag
o 
ri
gi
da
St
iff
 g
ol
de
nr
od
N
Fo
rb
P
5
SO
R
N
U
T
So
rg
ha
st
ru
m
 n
ut
an
s
In
di
an
 g
ra
ss
N
G
ra
ss
P
5
TA
R
O
FF
Ta
ra
xa
cu
m
 o
ffi
ci
na
le
C
om
m
on
 d
an
de
lio
n
In
t/N
at
Fo
rb
P
0
TO
X
R
A
D
To
xi
co
de
nd
ro
n 
ra
di
ca
ns
Ea
st
er
n 
po
is
on
-iv
y
N
Fo
rb
P
4
TR
A
D
U
B
Tr
ag
op
og
on
 d
ub
iu
s
G
oa
t's
-b
ea
rd
, Y
el
lo
w
 sa
ls
ify
In
t/N
at
Fo
rb
B
i
0
TR
IP
R
A
Tr
ifo
liu
m
 p
ra
te
ns
e
R
ed
 c
lo
ve
r
IN
V
 
Fo
rb
P
0
V
ER
D
EN
Ve
rb
as
cu
m
 d
en
si
flo
ru
m
D
en
se
-f
lo
w
er
 m
ul
le
in
In
t/N
at
Fo
rb
B
i
0
V
ER
V
IR
Ve
ro
ni
ca
st
ru
m
 v
ir
gi
ni
cu
m
C
ul
ve
r's
-r
oo
t
N
Fo
rb
P
6
A
pp
en
di
x 
A
, c
on
tin
ue
d.
.
40
Sites
Scientific Name Status Type LH Sampled
Ambrosia artemisiifolia N Forb A 4
Aster pilosus N Forb P 4
Daucus carota INV Forb Bi 7
Melilotus spp. INV Forb A/Bi 6
Oxalis stricta N Forb P 4
Panicum capillare N Grass A 5
Trifolium pratense INV Forb P 1
Verbascum  spp. Int/Nat Forb Bi 9
Appendix B.  Species found only in the disturbance plots that were also detected in the 
seed bank in a previous study. That study sampled the seedbanks of eleven oldfields on 
Field Station property in the vicinity of the South Hayfield (Krause 1995).  Status: N - 
Native, INV - Invasive. Int/Nat - Introduced; naturalized.  LH: Life history, A - annual, A/
Bi - either annual or biennial, Bi - biennial and P -perennial.  Sites sampled: the number of 
sites out of the eleven total sites studied by Krause in which the species was found.  
